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Description 

[0001] This invention relates to bistable nematic or chiral nematic liquid crystal devices, In particular display devices 
with a high information content. 

5 [0002] Liquid crystal devices typically comprise a thin layer of liquid crystal material contained between optically 
transparent cell walls. These walls are typically coated on the internal surface with transparent conducting layers to 
enable external electric fields to be applied, although devices which use in-plane electrodes may use metal strips to 
achieve this. Some liquid crystal devices also include areas of semiconductor alongside the electrodes designed to 
form non-linear elements such as thin film transistors (TFTs). The electrodes are often designed to form an x,y matrix 

10 of addressable elements or pixels, although other arrangements are possible, including segmented or re displays. 
Although each pixel may be driven by an individual electrode or electrodes, complex devices (i.e. those with a large 
number of pixels) are usually electrically driven by arranging one substrate to have a series of row electrodes and the 
other a series of column electrodes so that each pixel is formed at the overlap of the rows and columns. 
[0003] Other layers may be included on the inside of the device, including colour filters, planarisation and barrier 

15 layers. The innermost surface of each pixel usually consists of an alignment layer which gives the required orientation 
of the liquid crystal director. This surface layer interacts with the molecules which comprise the liquid crystal, and the 
alignment direction is transmitted to the bulk of the sample through the elastic forces of the liquid crystal material. 
[0004] For nematic liquid crystals there are a number of possible surface configurations. Certain surfactants cause 
the director to lie essentially perpendicular to the surface in what is termed "homeotropic" alignment. Alternatively, the 

20 director may be essentially parallel to the surface with "planar" alignment, or at some intermediate angle (often called 
the pretlit) with "tilted" alignment. Devices which use either the planar or tilted alignments usually also require that the 
degeneracy of alignment directions about the surface normal is removed, and that there is a single orientation of the 
director. 

[0005] Various methods have been suggested in the literature to achieve planar homogeneous and tilted homoge- 
25 neous alignment. For example, oblique evaporation of Inorganic layers such as Silicon Monoxide (SiO^) or Magnesium 
Fluoride (MgF) leads to either planar homogeneous or tilted homogeneous alignment, depending on the processing 
conditions. Evaporation of SiO at 60° to the surface normal leads to planar alignment in the direction perpendicular to 
the plane of evaporation, whereas an 85** evaporation angle leads to a tilt (typically about 25*^ to 30**) in the plane of 
the evaporation. 

30 [0006] Planar or tilted alignment is usually achieved practically by coating the surface with a suitable polymer, such 
as a polyimide, and buffing with a doth to impart the desired direction to the surface. This usually leads to a pre-tilt of 
between 0.1"^ and 8** from the surface plane, depending on polymer, rubbing conditions and other process conditions 
including baking temperatures (although tilts of between 0** and 90*" are also possible with certain polymers). Alterna- 
tively, planar homogenous alignment may be induced using a periodic grating structure in a planar surface. The lowest 

35 elastic energy of a nematic liquid crystal then occurs when the director is parallel to the axis of the grating. Tilted 
homogenous alignment is also possible using a bi-grating surface In which one or both of the superimposed gratings 
are asymmetric or blazed. 

[0007] Recently, a number of novel surfaces have been described in which there is more than one stable direction 
of the nematic director. The first example of a bistable surface was described by Durand e/a/in Patent No. WO 91/1 1 747 

40 (1 991 ) and Patent No. WO 92/00546 (1 991 ). In these devices careful control of the thickness and evaporation of SiO 
coatings were shown to lead to two stable surface orientations: the first is planar, and the second is at an azimuthal 
angle (I.e. in the plane of the surface) of 90"" to the first orientation but tilted out of the surface plane by approximately 
30°. A more practical approach to achieving such azimuthal bistable surface states is described In patent GB. 
2,286,467-A. This uses a blazed bi-grating surface in which the local director is planar to the surface and the two 

45 surface orientations are stabilised by precise control of the grating pitches, amplitudes and degrees of blaze. 

[0008] A novel surface was described in British patent application number PCT/GB96/0463, wherein a mono-grating 
surface with a homeotropic local director orientation leads to two stable states with different tilt angles but within the 
same azithmuthal plane. This surface is used to form a Zenithal Bistable Device or ZBD. This surface may be achieved 
either by creating the grating in a layer which leads to a spontaneous homeotropic orientation of the liquid crystal 

50 material, or more practically, by over coating the grating surface with a suitable homeotropic inducing alignment agent. 
[0009] The application of an electric field across a liquid crystal device may have any of a number of effects. Many 
devices rely on the inherent dielectric anisotropy (Ae) of the liquid crystal (Ae = e|| - e±, where || and J. refer to directions 
parallel and perpendicular to the director). If Ae is positive then the electro-static energy of the liquid crystal is minimum 
when the director is parallel to the applied field, whereas if Ae is negative the director tends to lie perpendicular to the 

55 applied field. These effects are related to the RMS. value of the field and as such are independent of the field polarity. 
Most materials are either positive or negative throughout the frequency range of operation of the device, although 
certain materials have been designed which exhibit "two-frequency" behaviour, where Ae is positive at low frequencies 
and negative at higher frequencies, within the electrical frequency range of operation. 



2 



EP 1 042 702 B1 



[0010] Recently, some devices have been described which use the flexo-electric effect which occurs in many liquid 
crystals. This effect is caused by polar ordering of the liquid crystal molecules induced by certain elastic distortions of 
the liquid crystal director field. Such effects are related to the DC field and as such are dependent on the polarity of 
the applied electric field. 

5 [001 1 ] Example of monostable liquid crystal devices which use the preceding principles are the (super)twisted nemat- 
ic (TN and STN) and electrically controlled birefringence (ECB) modes. 

[0012] In the TN. both internal surfaces of the devices are treated to give tilted homogeneous (or planar) alignment, 
but the directions on the opposing surfaces are twisted through an angle to each other. Once filled with a nematic 
material, the director in the bulk of the device twists from one surface to the other. When illuminated between polarisers, 

10 or, if the liquid crystal includes a constituent dichroic dye a single polariser, this structure has a given transmission. 
When composed of a positive Ae nematic material the application of an electric field causes the director to reorient 
parallel to the field thereby changing the optical characteristics of the device. In the TN device, the surfaces are oriented 
to give typically 90° twist across the cell. The liquid crystal birefringence An and cell spacing are chosen so that polar- 
isation of the incident light is rotated through 90°, leading to transmission between crossed polarisers (normally white 

15 mode) or a dark state between parallel polarisers (normally dark mode). The applied field couples to Ae inducing tilt in 
the bulk of the cell and reducing the degree of optical rotation, thereby leading to a darker transmission in the usually 
white mode, or lighter transmission in normally dark. 

[001 3] The number of different elements that may be addressed in a multiplexed device Is related to the steepness 
of the transmission versus voltage characteristic, as described by Alt and Pleshko in IEEE Trans. ED, Vol ED 21 pi 46 
20 - 155 (1974). The steepness of this curve may be improved by incorporating a non-linear element such as a TFT at 
each pixel, or to use the supertwist (STN) effect described in US 4,596, 446. Here a chiral additive is used to change 
the spontaneous twist of the liquid crystal and lead to twist between 90° and 270°, thereby steepening the transmission 
/ voltage characteristic. 

[0014] An alternative RMS. addressed, monostable device is the ECB mode. Here a homeotropic surface is used 

25 opposite a tilted homogenous surface with a high pretilt from the plane of the surface. This device is used in conjunction 
with a negative Ae material so that the application of an electric field reduces the tilt in the bulk of the cell and alters 
the optical retardation, thereby leading to optical contrast. In each of these devices improvements to the optical prop- 
erties (primarily contrast, brightness and viewing angle) are possible using additional, passive retardation plates. For 
example, the STN device may be altered from Blue/White or Yellow/Black modes to a BlackAA/hite device using two 

30 uniaxial retardation films appropriately oriented with respect to the liquid crystal cell between the polarisers. 

[0015] An example of a bistable nematic liquid crystal which uses surface bistability is the zenithal bistable device 
of British patent application number WO97/14990. PCT/GB96/02463 (GB9521 106.6); hereinafter +2BD. One or both 
surfaces are treated to give two bistable states in the same azimuthal plane but with different zenithal angles (or tilts). 
In the preferred embodiment of that invention the zenithal bistable surface is used opposite a conventional homeotropic 

35 surface and switching occurs due to flexo-electric coupling with an applied field. 

[0016] The two states of such a device are shown in Figure 2a. In the first state the bulk of the cell is uniformly 
homeotropic and the director field distorts continuously close to the grating surface. In the second state, defects occur 
close to the surface and the director is pretilted uniformly at some distance from the surface (shown by the dotted line 
in Figure 2b). The near surface distortion in both states leads to a flexoelectric polarisation which selects either state 

40 according to the sign of DC electric field. The magnitude of the flexoelectric polarisation close to the surface of either 
state is enhanced if the material has a positive Ae since the RMS. effect of the field is to extend the homeotropic 
alignment from the monostable surface further into the bulk of the cell. This results in lower voltage / faster response 
for the ZBD. However, the optical contrast is significantly diminished during the application of the data signal due to 
the RMS, effect stabilising the homeotropic orientation in both states. 

45 [001 7] The term same azimuthal plane is explained as follows: let the walls of a cell lie in the x.y plane, which means 
the normal to the cell walls is the z axis. Two pretilt angles In the same azimuthal plane means two different molecular 
positions in the same x,z plane. 

[0018] The present invention improves the switching characteristics of the ZBD device to give better contrast ratios 
and reduced sensitivity to AC voltages resulting from multiplex addressing. 
so [0019] According to this invention a liquid crystal device comprises two cell walls enclosing a layer of nematic or 
chiral nematic liquid crystal material; 
electrode structures on both walls; 

a surface alignment means on the facing surfaces of both cell walls in contact with the liquid crystal material and 
providing alignment of the liquid crystal molecules; 
5$ means for distinguishing between the switched states of the liquid crystal material; 
CHARACTERISED BY 

a liquid crystal material having a zero or negative dielectric anisotropy; 

a first surface alignment means on one cell wall that permits the liquid crystal molecules to adopt two different pretilt 
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angles in the bulk of the material adjacent the surface in substantially the same azimuthal plane; 
a second surface alignment means on the other cell wall giving either planar homogeneous or tilted homogeneous 
alignment and a single preferred alignment direction of the liquid crystal molecules, the pretilt value of the tilted align- 
ment being less than 45'' to that surface, and the angle between the single alignment direction and the same azimuthal 
5 plane associated with the first surface alignment being substantially greater than zero; 

the arrangement being such that two stable liquid crystal molecular configurations can exist after suitable electrical 
signals have been applied to the electrodes, and one of which configurations has a liquid crystal molecular twist across 
the layer. 

[0020] The bistable surface is preferably a grooved profile or grating which is made from a material, or is coated by 

10 a surfactant, which induces substantially perpendicular alignment of director locally at the surface, and which may lead 
to different tilts of the director in the bulk of the liquid crystal some distance from that surface along the direction normal 
to the cell. Typically, the grating has a pitch, amplitude and shape which leads to two different tilts in the bulk of the 
cell: one of which Is substantially perpendicular to the ceil plane, and the other tilted somewhat from the cell plane 
normal through an angle of, for example, between 0° and 60''. The grating is arranged so that the total energy of the 

15 two states is substantially the same. 

[0021] The local orientation of the liquid crystal may be made substantially homeotropic by manufacturing the grating 
directly into glass or suitable material, but more commonly will involve the coating of the material with a suitable layer. 
This layer is usually a homeotropic surfactants such as lecithin, silanes, chrome complexes, or long aliphatic side- 
chain polymers. The grating may be made from any of a number of known methods.. For example, it may be formed 

20 in a photo-polymer using a photo-lithographic process or other etching process, by embossing or by transfer from a 
carrier layer. The grating profile, for example the pitch, amplitude, shape (symmetric or asymmetric), or degree of 
asymmetry in the shape may vary across each pixel, or from pixel to pixel within the display, or between the pixels and 
the non-pixetated areas such as the inter-pixel gap. These variations may occur in one direction only, or may occur in 
both directions on the grating surface. 

25 [0022] Other surfaces may be used for the device providing they produce two or more stable states with different 
pretilts. 

[0023] The single alignment surface may be any monostable surface which is substantially planar homogeneous, or 
tilted homogeneous so that the surface induced pretilt is significantly less than the possible pretilts from the zenithal 
bistable surface, for example between 0.1° and 20° from the cell plane. This is typically a polymer surface rubbed to 
30 induce a preferred alignment direction of the liquid crystal director, but equally it could consist of other surfaces used 
to give planar or tilted homogeneous alignment including obliquely evaporated inorganic material, photo-polymer pro- 
duced using polarised irradiation, monograting, or bi-grating arrangements. 

[0024] The azimuthal alignment direction of the bistable surface and that of the single alignment surface may be 
arranged parallel antiparallel or 90° to one another, or any desired angle between, e.g. 45°. When a non zero twist 

35 angle is used, then the nematic material may include an amount of cholesteric material to impart a preferred twist 
direction. When such cholesteric material is added the twist in the material may exceed 90°, e.g. 180° or 270**. For the 
case where the bistable surface has tilts greater than zero for both of the stable states, the single (planar) alignment 
has a lower pretilt than either state of the bistable surface. Where the bistable surface includes a zero tilt state, the 
opposite surface should be a tilted homogeneous surface (rather than planar homogeneous) with antiparallel alignment 

^ to avoid the formation of reverse tilt disclinations; there should be a uniform tilt direction. The same applies for a device 
having twist across the layer. 

[0025] The liquid crystal material has a nematic or chiral nematic phase throughout the range of operating temper- 
atures. It has a dielectric anisotropy between zero and -20, preferably Ae < -0.1 in the electrical frequency range of 
operation, typically between 1 Hz and 1 MHz. Preferably the material exhibits the flexoelectric effect common in nematic 
^5 and cholesteric liquid crystals, although other electrically polar switching mechanisms may be utilised such as chiral 
ions, or longitudinal ferroelectricity. The material has a suitable value of birefringence An and/or has a pleochroic dye 
as a constituent component to enable the different stable states to be discriminated optically (by means of interference, 
absorption or scattering). 

[0026] One or both of the cell walls may be formed from an optically transparent medium. This may be a thick non- 
50 flexible material such as glass, or one or both cell walls may be formed from a flexible material such a thin layer of 
glass or plastic, e.g. polyolefin or polypropylene. A plastic cell wall may be embossed on its inner surface to provide 
the surface alignment grating. The cell may also contain other layers including colour filters, internal polarisers, electrical 
barrier layers, planarisation layers and other layers commonly used in those skilled in the art of liquid crystal device 
manufacturer. The cell walls may be spaced either by creation of additional structures, such as polymer walls or col- 
55 umns, or using glass / plastic spacers. The electrodes are optically transparent, and usually formed from indium tin 
oxide (ITO), but may include additional electrical elements such as non-linear elements (e.g. TFTs) or non-transparent 
metal lines to reduce track resistance effects. 

[0027] The invention will now be described, by way of example only with reference to the accompanying drawings 
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of which: 

Figure la is a plan view of a matrix multipiexed addressed liquid crystal display; 

5 Figure 1 b is a cross section of the display of Figure 1 ; 

Figures 2a(i), (ii), 2b(i), (il) are representations of molecular alignments In the prior art WO97/14990 PCX/ 
GB96/02463; 

10 Figures 3(i), (il) are schematic representations of a cross-section of the two-dimensional director profile for a neg- 

ative mode zenithal bistable device according to the present invention in which there are two stable states: the 
continuous state Figure 3(i) and the defect state Figure 3(ii); 

Figure 4 is a schematic of the negative mode zenithal two dimension director profiles of Figure 3 in which the RIVIS. 
IS effect of an applied field which is coupling to the negative dielectric anisotropy of the constituent liquid crystal and 

concentrating the distortion of the director field closer to the bistable surface; 

Figure 5 are a series of one dimensional representations of the electrical switching of the present invention for a 
material In which < 0, with zero twist across the layer (example 1); 

20 

Figures 6 are similar to Figures 5, but for a layer with a 90°twist (example 2); 

Figure 7 Is a resultant waveform used to test bistable switching of the invention; 

25 Figures 8, 9, and 1 0 are oscilloscope traces showing the optical response of the device of example 2 below under 

slightly different conditions; 

Figure 1 1 shows the optical transmission against voltage of the present invention and that of a prior art device for 
one (a defect state) of the two stable switched states; 

30 

Figure 1 2 shows the optical transmission against voltage of the present invention and that of a prior art device for 
the other (a nondefect or continuous state) of the two stable switched states; 

Figure 1 3 shows the contrast ratio between the two switched states as a function of RMS. voltage for the present 
35 invention and that of a prior art device; 

Figure 14 shows switching threshold variation with RMS. voltage for the present invention and that of a prior art 
device. 

40 Figure 1 5 is a graph of energy of two pretilt configurations as a function of groove depth to pitch ratio (h/w); 

[0028] The display in Figures 1a. b comprises a liquid crystal cell 1 formed by a layer 2 of nematic or long pitch 
cholesteric liquid crystal material contained between glass walls 3, 4. A spacer ring 5 maintains the walls l-IOfim, 
typically 2-6^m apart. Additionally numerous beads of the same dimensions may be dispersed within the liquid crystal 
45 to maintain an accurate. wall spacing. Strip like row electrodes 6 e.g. of Sn02 or ITO (Indium tin oxide) are formed on 
one wall 3 and similar column electrodes 7 are formed on the other wall 4. With m-row and n-column electrodes this 
forms an mxn matrix of addressable elements or pixels. Each pixel is formed by the intersection of a row and column 
electrode. 

[0029] A row driver 8 supplies voltage to each row electrode 6. Similarly a column driver 9 supplies voltages to each 
50 column electrode 7. Control of applied voltages is from a control logic 10 which receives power from a voltage source 
11 and timing from a clock 12. 

[0030] Either side of the cell 1 are polarisers 13, 14 arranged with their polarisation axis substantially crossed with 
respect to one another and at an angle of substantially 45** to the alignment directions R, if any, on the adjacent wall 
3, 4 as described later for the non twisted case of example 2, or parallel to one alignment direction for the twisted case 
55 of example 3. Additionally an optical compensation layer 19' of e.g. stretched polymer may be added adjacent to the 
liquid crystal layer 2 between cell wall and polariser. 

[0031] A fully or partly reflecting mirror 15 may be arranged behind the cell 1 together with a light source 20. These 
allow the display to be seen in reflection and lit from behind In dull ambient lighting. For a transmission device, the 
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mirror 15 may be omitted. 

[0032] Prior to assembly, the cell wall, 4 is treated with an alignment grating 16 to provide two bistable pretitts. The 
other wall 3 Is treated with a planar treatment 17 i.e. zero or a few degrees of pretilt with an alignment direction. For 
the case where the bistable grating 1 6 surface has tilts greater than zero for both of the stable states, the planar 
alignment 17 has a lower pretilt than either state of the bistable surface. Where the bistable surface includes a zero 
tilt state, the opposite surface should be a tilted homogeneous surface (rather than planar homogeneous) with antipar- 
allel alignment to avoid the formation of reverse tilt discllnations; there should be a uniform tilt direction. The same 
applies for a device having twist across the layer 2 as described below with example 2. For a three colour display, a 
filter layer 1 8 may be deposited having separate red, green, and blue filter areas in a black matrix 
[0033] Finally the cell is filled with a negative dielectric anisotropy nematic material e.g. ZLI 4788, ZLI.441 5. or MLC. 
8608 (Merck). 

[0034] The zenithal bistable surface grating 1 6 may be fabricated by the method described in PCT/GB96/02463. For 
example spin coating a piece of clean, ITO coated glass with a photo-resist (Shipley 1 805 at 3000rpm for 30s followed 
by a 90°C soft bake for 30 minutes - giving 550nm thick coating). A chrome mask with O.Sum lines and O.S^im gaps 
was put into contact with the substrate and obliquely (typically 60'' to the substrate/mask normal to give an asymmetric 
shaped grating or normal for a symmetric shaped grating) illuminated by a 0.8mW/cm2 Mercury tamp for a period of 
between 200 and 800 seconds. The mask is then removed and the symmetric or asymmetric surface modulation Is 
made by developing in Shipley MF319 for 10s followed by a rinse in de-ionised water. The surface Is then hardened 
by exposure to deep UV {254nm), followed by baking at 160°C for 45 minutes. Finally the surface is treated with a 
solution of a homeotropic alignment inducing agent such as lecithin. 

[0035] The molecular (more correctly the director) configuration of a free layer of nematic material on grating surfaces 
can be calculated. The results are shown in Figures 2a, where the short lines represent liquid crystal director In the 
vicinity of the grating surface, with the envelope of the short lines at the bottom showing the grating profile. In this case 
the grating surface has been described by the function; 



where h is the groove depth, w is the pitch and A is an asymmetry factor. In Figures 2a(i) and 2b(ii), A=0.5 and h/w=0.6. 
in Figure 2a(i), the finite element grid has been allowed to relax from an Initial director tilt of 80"*. In this case the 
configuration has relaxed to a pretilt of 89.5^. However, if the initial director tilt is set to 30° then the grid relaxes to a 
pretilt of 23.0° as shown in Figure 2a(ii). Therefore the nematic liquid crystal can adopt two different configurations 
depending on starting conditions. 

[0036] In practice a nematic liquid crystal material will relax to whichever of these two configuration has the lowest 
overall distortion energy. Figure 1 5 shows the total energy (arbitrary units) of the high pretilt (solid circles) and the low 
pretilt (empty circles) state against the groove depth to pitch ratio (h/w). For low h/w, the high pretilt state has the lowest 
energy and so the nematic will adopt a high pretilt state. Conversely for large h/w, the low pretilt state has the lowest 
energy and so this state is formed. However when h/w=0.52, the states have the same energy and so either can exist 
without relaxing into the other. Therefore if a surface is fabricated at, or close to this condition, then bistability can be 
observed in the pretilt. 

[0037] Patent application PCT/GB96/02463 describes how a grating manufactured according to the above process 
may lead to two stable alignments in which the director at some distance from the surface has one of two values of 
pretilt, depending on whether there are surface defects periodically close to the surface or not; a high pretilt (i) and a 
low pretilt (ii) as shown in Figure 2a where the lines indicate liquid crystal molecule (director) alignment close to a 
grating surface. The high pretilt (i) may be termed a continuous or non-defect state and leads to a pretilt close to 90'', 
whereas the low pretilt (ii) may be tenned a defect state and has a pretilt of typically between 0° and 75'', usually about 
45** depending on the shape and anchoring properties of the surface and the elastic properties of the liquid crystal. 
[0038] In PCT/GB96/02463 a device is described where this zenithal bistable surface is used opposite a monostable 
homeotropic surface. The director profile for the bistable states of this prior art device is shown in Figure 2b where the 
lines indicate director alignment across the whole liquid crystal layer. There is a net birefringence in the defect state 
Figure 2b-(ii) which may be lead to transmission of normally Incident light when the cell is placed between crossed 
polarisers at angles other than 0" or 90"* to the plane of the director. In the non-defect state Figure 2b-(i), there is little 
or no net birefringence experienced by normally incident light, and so the device will appear dark. Selection between 
the two states is made using electric pulses of suitable duration, magnitude and polarity which couple to the dielectric 
and flexoelectric properties of the liquid crystal. Thus, a bistable display results in which the dark or light states are 
retained after the removal of the field, stabilised by the grating surface, and insensitive to disruption due to electrical, 
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thermal or mechanical shock. This last advantage is particularly useful for portable displays. 
[0039] Other prior art bistable liquid crystal devices include those based on ferroelectric liquid crystals. These must 
be protected from shock because the ferroelectric liquid crystal requires a set thermal treatment to be aligned, and so 
it will not realign correctly after becoming miss-aligned due to external shock. 
5 [0040] The device of the present invention differs from the +ZBD of PCT/GB96/02463 leading to a number of advan- 
tages Illustrated in the following examples. 

[0041] PRIOR ART EXAMPLE with asymmetric grating shape. What will be termed a positive mode zenithal bistable 
nematic device (+ZBD) as described in PCT/GB96/0463 will be described in detail to allow comparison with the results 
from the device according to the present invention. 

10 [0042] A piece of 1 .1 mm thick ITO coated glass was spin coated with the photo-resist Shipley 1 81 3 (diluted 3 parts 
to 1 with an appropriate thinner) at a speed of 2000rpm for 30 seconds. This gave a film thickness of t.O^m. The 
surface was then soft baked at 90°C for 30 minutes. A chrome mask was then fixed in dose contact with the photo- 
resist surface. The mask consisted of O.S^m chrome lines separated by O.S^m gaps. The sample was exposed for 
530 seconds using an unfiltered mercury lamp (0.3mW/cm2). The exposurie was carried out an angle of 60° to the 

15 surface normal in the plane perpendicular to that of the intended grating grooves; such angle results in an asymmetric 
grating shape. Spin development was then done at 800 rpm for 1 0 seconds using Shipley MF 31 9, followed by a rinse 
in de-Ionised water. This led to the formation of the grating surface. The photo-resist was then hardened by exposure 
to deep UV (254nm) followed by a 2 hour bake at 180°C. Finally, the surface was rendered homeotropic by treating 
with a chrome complex surfactant. 

20 [0043] The opposite surface in the positive mode ZBD cell was made by preparing a thinner layer (0.2^m) of Shipley 
1805 In a similar manner to the grating surface but without the grating exposure. A cell was formed from one grating 
surface and one flat surface using an edge seal glue containing 2.5^m glass bead spacers. The cell was filled with the 
commercial nematic liquid crystal E7 (available from E. Merck, Germany) which has a positive dielectric anisotropy 
throughout the possible frequency and temperature operating ranges. Switching was facilitated by prior addition of 1% 

25 by weight of the material N65 (Norland) as described in patent application GB97/21215.3. For example a N65/E7 
mixture was cured for 10 minutes by exposure to unfiltered mercury lamp with an optical output of 2.0mW/cm2 in a 
fused silica cell prior to filling in the cell. N65 is a UV curing adhesive manufactured by Norland Products Inc., North 
Brunswick NJ, USA; other similar materials are N63, N60, N1 23. The materials contain a mixture of esters and acrylate 
monomers which polymerise under UV radiation. Such a cell gives a weak surface anchoring. Filling was done by 

30 capillary action in the isotropic phase followed by slow cooling into the nematic phase. 

[0044] In devices having a large number of addressable elements or pixels arranged in an x,y matrix it is common 
to address them by a multiplexing technique. For bistable devices this involves applying a strobe pulse waveform to 
each row in turn whilst one of two data pulse wavefonns (of same shape but inverted polarity) are applied to all column 
electrodes. Each addressed pixel responds to the resultant of the strobe and data. For test purposes on a single cell, 

35 a resultant waveform can be applied to simulate addressing in a large display. 

[0045] The waveform shown in Figure 7 is such a resultant, and was used to test devices of the prior art and those 
of the present invention. In this resultant waveform the large pulses originate from the strobe and the smaller pulse 
originate from the data waveforms. Each pixel will receive an occasional large pulse plus many of the smaller pulses. 
These smaller pulses apply a continual low value RMS. signal, useful in ferroelectric devices (where they provide AC 

40 stabilisation), but can be unwelcome in bistable nematic devices. 

[0046] Electrical contact was then made to the ITO electrodes of each substrate and the signal shown in Figure 7 
applied. This signal was composed of rectilinear pulses of typical duration 0.1 to 10ms and magnitude in the range 10 
to 20V. Between 50 to 1 and 500 to 1 duty ratios were used, and an AC waveform of frequency 1 kHz to 100kHz and 
magnitude Vrms (OV to 10V) superimposed. The pulse train applied used either alternating pulses of opposite polarity 

^5 as shown in Figure 7, or two pulses of the same magnitude, duration and polarity, followed by two different pulses of 
opposite polarity as given in W097/1 4990. Other electrical signals, such as the multiplexing signal used In W097/1 4990 
could also be used. 

[0047] The cell was illuminated by a tungsten white light source and viewed between crossed polarisers oriented 
with the polarisation axes at ±45° to the groove direction on the bistable surface. The optical response was detected 
50 using a photo-diode combined with an eye response filter. Bistable latching was found in the nematic phase as described 
in 9521106.6 and are similar to those of Figures 8, 9, and 10 for the present invention. 
[0048] Two embodiments of the present invention will now be described in detail. 
[0049] EXAMPLE 1 , asymmetric grating and non-twisted nematic structure. 

[0050] A 4jim spaced device was constructed using the teaching given above in which the monostable surface 17 
55 had a rubbed polyimide surface (PI32) in which the rubbing direction was perpendicular to the mono-grating grooves 
16 on the bistable surface. The material was a negative dielectric anisotropy material ZL1 .4788. This device had two 
stable 2-dimension director profiles illustrated in Figures 3(i), (ii) (when the effect of RMS. coupling is ignored for ex- 
ample by the assumption of Ae = 0 In both cases). This shows that the degree of director distortion is greater for both 
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states in this device than for the conventional device shown in Figure 2; this is particularly true of the non-defect state. 
Hence, given all other conditions are equal (pretilt of the defect state, flexoeiectric and visco-elastic properties of the 
material, cell spacing etc.) the switching of this device occurs at lower voltages and/or shorter pulse durations. For 
example, if the bistable state has pretilts stable at 60*^ and 90"^ from the cell plane, and the mono-stable surface has 

5 0° pretilt, then the device of Figures 3{i), (ii) has a total of 60° and 90° pretilt change. This is much higher than the 
angular changes for the two states of the device of WO97/14990 shown in Figures 2a(i), (ii) which are Of* and 30^. 
[0051] As noted above, in a typical display an amount of RMS. voltage will occur at each pixel and has a significant 
effect on the director alignments in the two switched states. This is shown in Figures 4(i), (ii) for a device in which Ae 
is negative (typically equal or between -1 0 and -0.5). Here the RMS. effect of the applied voltage acts to compress the 

10 elastic distortion towards the bistable surface. This sen/es to increase the magnitude of the flexoeiectric polarisation 
which can couple to the DC component of the applied field and cause switching between the bistable states. 
[0052] Although this device (example 1 ) has the potential for faster switching and / or lower voltage operation over 
that of the conventional ZBO, it also suffers from the same major disadvantage: in a multiplexed device each pixel has 
an RMS. voltage due to the data waveform on the adjacent columns which is experienced at a pixel before and after 

15 the switching time when latching is achieved. This causes the optical difference (An^ff-d) to be closer in the two states, 
and hence lowers the contrast. 

[0053] The example 1 director alignment in the two switched states, with and without RMS. voltages are shown in 
Figure 5. This is a series of one-dimensional representations of the electrical switching of the present invention for a 
material in which Ae < 0. From left to right are shown the zero-field defect state, the RMS. effect of the applied field on 
20 the defect state, the effect of RMS. voltage on the non-defect state, and the zero-field non-defect state. The arrow 
represents the DC selection between the two bistable states; 

[0054] One method employed to improve the contrast is to reduce the magnitude of Ae (i.e. use Ae « 0) but this 
dramatically increases the voltage time product required to switch between the two states since it removes the RMS. 
effect on concentrating the director distortion dose to the bistable surface. This problem Is removed in the following 
25 example 2 of the present invention. 

[0055] EXAMPLE 2, symmetric grating and twisted nematic structure. 

[0056] As with the prior art example 1 given above, the grating surface 16 was manufactured by coating ITO glass 
with Shipley 1813. In this case, however, a different concentration was used so that a spinning speed of 3000 rpm for 
30 seconds led to a 1 .2^m thickness of photo-resist. After 90°C soft baking for 30 minutes, the same chrome mask as 
30 used in the previous example was placed in close contact with the resist but this time the exposure was carried out at 
normal incidence and for 180 seconds; such normal incidence results in a symmetric shaped grating. The grating 
surface was then developed, rinsed, hardened and coated in chrome complex using the same conditions as for the 
counter example. 

[0057] A 2.8nm spaced cell was then constructed using this zenithal bistable grating surface opposite a rubbed 

35 polyimide (PI32 Giba -Geigy) surface. Contrary to example 1. the alignment direction of the monostable polyimide 
surface was arranged to lie parallel to the grooves of the monograting surface. The cell was filled by capillary action 
with the nematic liquid crystal ZLI 4788 (available from E. Merck) into which 2% Norland N65 had previously been 
added and irradiated with UV to reduce surface anchoring energy as described in GB97/21215.3 as above. ZLI 4788 
is a nematic material with a room temperature Ae of about -5.7 and a An of 0.1647. 

40 [0058] The two states of this device are described as follows. In the continuous or non-defect state the director close 
to the zenithal bistable surface is homeotropic, with a pre-tilt of 90°. Away from this surface the pretilt reduces towards 
that of the polyimide surface (a pretilt of about 2°). The lowest energy state consists of splay/bend deformation only 
and there is no twist of the director. In the defect state, the director close to the zenithal bistable surface is forced to 
lie at a pretilt of close to 0° in a plane with the direction perpendicular to the mono-grating grooves. Thus, in the bulk 

45 of the cell the component of the director in the plane of the cell twists through an angle of 90° to lie parallel to the 
rubbing direction at the monostable surface. This state has energies associated with the defects, the splay / bend 
deformation and the twist deformation. Optimisation of the grating structure coupled with suitable choice of material 
means that the two possible director profiles have similar energies and the cell Is bistable. Tuning of the twist elastic 
energy, and hence total energy of the twisted state, may also be done using a chiral nematic of suitable pitch and chiral 

50 handedness. 

[0059] The switching mechanism for this cell is shown schematically in Figures 6a, b. It is very similar to that of 
example 1 except now there is an additional process associated with the relaxation of the twist when switching between 
the states. Consider the case of switching from the defect D (i) to non -defect states (iv), (v) shown in Figure 6a). The 
RMS. effect of the applied field (ii) again acts to concentrate the splay / bend deformation of the director close to the 
55 bistable surface. The twist is largely unaffected by this (except for a relatively small effect associated with the elastic 
anisotropy of typical liquid crystal materials) and remains approximately uniform across the cell. Application of a DC 
field pulse of the correct polarity couples to the flexoeiectric polarisation near the bistable surface and induces (iti) the 
non-defect homeotropic orientation. 
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[0060] Some time later (the duration of which depends on the total twist angle and the viscoelastic coefficients of 
the material) the remnant twist in the cell will unwind (iv) since the lowest energy configuration of the non-defect state 
is untwisted. Once latched at the surface, this process will occur regardless of whether or not the applied field is 
continued to be applied (v). In the reverse process state Figure 6b. (i) is the same as 6a{v) and application of RMS 
5 moves the director to (ii). Application of the appropriate DC pulse causes the flexoelectric switching at the bistable 
surface and directly induces the twist (iii), which after removal of the DC pulse becomes unifonn (iv) then (v) throughout 
the cell through a similar elastic process to the one described above. 

[0061] The cell was mounted between crossed polarisers and illuminated by a white light source. The polariser 
closest to the illumination was arranged to be perpendicular to the groove direction of the first (bistable) surface, such 

10 that the incident polarisation is along the in-plane component of the optical axis of the liquid crystal when in the defect 
state. The analyser (the polariser closest to the detector) was aligned crossed to this and parallel to the rubbing direction 
of the polymer surface. This is similar to the normally white mode of a twisted nematic liquid crystal device. 
[0062] The electrical signal of Figure 7 was then applied and the optical response of the twisted negative mode 
zenithal bistable device is shown in Figures 8 to 1 0, where the lower trace shows optical transmission against time 

15 and the upper trace an applied RMS signal. Pulses of 10ms at +28V and -ICSV cause latching between the defect 
and continuous states, respectively. A duty cycle of 200:1 was used during which a 3Vrms 1kHz square wave was 
applied. Latching between the defect (transmlssive) and continuous (dark) states was achieved, and either state re- 
tained when pulses were no longer supplied, as indicated in Figures 8 and 9. Moreover, removal of the applied AC 
waveform caused a slight drop in the transmission of the trahsmissive state due to the change in tilt across the cell, 

20 as shown in Figure 10. 

[0063] This device has two great advantages over that of example 1 . Firstly, the optical contrast and wavelength 
range that is possible in the twisted state is vastly improved, being very similar to that of the conventional twisted 
nematic TN mode. Tuning of the device optical properties to operate in the first or second Gooch / Tarry minimum will 
lead to high brightness, high contrast ratio between Black and White States. This may be approximated by: 

25 

T={1 -sin^p/(1+a^)} 

where p = 90°V(1 +a2) and a = 2AnQ^,6 1 \ where the effective birefringence 6x\^ is scaled to account for the average 
30 tilt ^ across the cell: 



35 
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40 [0064] By ensuring that the twisted state operates close to the minima where ^ = p 1 SC* (p = 1 , 2. 3. 4 ....) it is possible 
to get black and white states by using a 90° twist without the use of additional retardation plates. Optimising the light 
state transmission (hence brightness and contrast ratio) may be done for either with or without an applied AC field by 
fine tuning the optical retardation (i.e. An^ff.d) of the device. In example 2 the results suggest that the material is closer 
to a Gooch / Tarry minimum with the AC waveform applied. The second major advantage is that good optical contrast 

45 and brightness are retained even when there is a significant RMS. voltage across the cell, such as during multiplexing. 
[0065] These advantages are apparent in the comparison of the switching results for the twisted negative mode 
device of example 2 with those of the conventional positive mode device given in the counter example. Results for the 
defect state transmission versus the applied RMS, voltage are given in Figure 11 , whereas Figure 12 shows the trans- 
mission of the continuous state. In both cases the results are compared to those of the positive mode ZBD described 

50 in the counter example, where the transmission levels are normalised with respect to the maximum transmission 
achieved in each device. 

[0066] The contrast ratios (defect state transmission / continuous state transmission) are plotted in Figure 1 3. These 
results cleariy show that the conventional positive mode ZBD suffers enormously from a reduced contrast with applied 
AC field, whereas the application of an RMS. voltage to the twisted negative mode leads to an increased contrast ratio 
55 (primarily due to the increased transmission of the defect state). 

[0067] A simple estimate of the range of RMS. voltages which lead to discrimination between the two states when 
using multiplexed addressing is possible by measuring the switching thresholds for the two transitions as a function of 
applied RMS. voltage. The results for the twisted negative mode device are shown in Figure 14. These Indicate that 
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both states may be electrically distinguished for AC fields in the range 2 to 3.5 volts RMS. The contrast ratio of the 
positive and twisted negative ZBD devices for a typical multiplexing data voltage of 3Vnns was 4:1 and 1 60 : 1 respec- 
tively. With the RI\flS. voltage removed the respective contrast ratios were 8:1 and 95:1. These values are indicative 
of the large optical advantage gained by using the twisted negative ZBD of example 2 of the present invention. These 
5 advantages were combined with much improved white state and viewing angle for the twisted negative ZBD. The 
improved off-axis viewing characteristics are because the optical properties of the two states of example 2 are very 
similar to those of the Voltage Controlled Twist (VCT) W097/39382, GB/96,078548 and In-plane switching (IPS) modes. 
Improvements to the viewing angle may be made using conventional .methods such as the use of additional retardation 
plates, or sub-pixelation. 

10 

Claims 

1. A liquid crystal device (1 ) comprising two cell walls (3» 4) enclosing a layer (2) of nematic or chiral nematic liquid 
15 crystal material; 

electrode structures (6. 7) on both walls; 

a surface alignment means (16, 17) on the facing surfaces of both cell walls (3, 4, 6, 7) in contact with the liquid 
crystal material and providing alignment of the liquid crystal molecules; 
means (13. 14) for distinguishing between the switched states of the liquid crystal material; 
20 CHARACTERISED BY 

a liquid crystal material (2) having a zero or negative dielectric anisotropy; 

a first surface alignment means (16) on one cell wall (4) that permits the liquid crystal molecules to adopt two 
different pretilt angles in the bulk of the material (2) adjacent the surface in substantially the same azimuthal plane; 
a second surface alignment means (17) on the other cell wall (3) giving either planar homogeneous or tilted ho- 

25 mogeneous alignment and a single preferred alignment direction of the liquid crystal molecules, the pretilt value 

of the tilted alignment being less than 45"=" to that surface, and the angle between the single alignment direction 
and the same azimuthal plane associated with the first surface alignment (16) being substantially greater than 
zero; the arrangement being such that two stable liquid crystal molecular configurations can exist after suitable 
electrical signals have been applied (8, 9, 10, 11 , 12) to the electrodes (6, 7). and one of which configurations has 

30 a liquid crystal molecular twist across the layer (2). 

2. The device of claim 1 wherein the value and direction of pretilt on the second surface (3) together with the pretilt 
values and direction on the first surface (4) are arranged to give a uniform molecular tilt direction in the bulk of the 
liquid crystal material (2). 

35 

3. The device of claim 1 wherein the angle between the single alignment direction and the same azimuthal plane 
associated with the first surface alignment (17) is at least 45*" to provide a molecular twist of at least 45*" across 
the layer (2). 

40 4. The device of claim 1 wherein the angle between the single alignment direction and the same azimuthal plane 
associated with the first surface alignment (17) is about 90° to provide a molecular twist of about 90° across the 
layer (2). 

5. The device of claim 1 wherein the layer (2) includes an amount of cholesteric material, and the azimuthal alignment 
45 direction of the first surface (4) and that of the second surface (3) is 90°n, where n = 1 , 2, 3 

6. The device of claim 1 and further including a reflecting or partial reflecting mirror (15). 

7. The device of claim 1 wherein the first surface alignment (16) comprises a periodic grating structure, whose the 
50 depth, pitch, shape and anchoring properties are arranged to give the liquid crystal material two different pretilts 

some small distance from that surface; 

8. The device of claim 7 wherein the alignment grating depth (h) and pitch (w) are dimensioned to give substantially 
the same distortion energy to liquid crystal molecules in the two different pretilt angles. 

55 

9. The device of claim 7 wherein the alignment grating dimensions of depth (h) and pitch (w) are arranged to cooperate 
with any molecular twist in the layer to give substantially the same distortion energy to liquid crystal molecules in 
the two different pretilt angles. 
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10. The device of claim 1 wherein the first surface alignment (16) comprises a grating formed of a material, which 
induces a homeotropic orientation of the liquid crystal molecules with respect to the local surface direction. 

11. The device of claim 1 wherein the first surface alignment (16) comprises a grating formed of a material, which 
5 induces a homogenous or low pretilt orientation of the liquid crystal molecules with respect to the local surface 

direction. 

1 2. The device of claim 1 wherein the first surface alignment (1 6) is a grating structure having a symmetric profile with 
a uniform or varying shape across each pixel, or from pixel to pixel within the display, or between the pixels or in 

10 gaps between pixels. 

13. The device of claim 1 wherein the first surface alignment (16) Is a grating structure having an asymmetric profile 
with a uniform or varying asymmetry across each pixel, or from pixel to pixel within the display, or between the 
pixels or In gaps between pixels. 

15 

14. The device of claim 1 wherein the first surface alignment (16) is a grating structure treated to induce homeotropic 
orientation of the liquid crystal molecules with respect to the local surface direction. 

15. The device of claim 1 wherein the second surface alignment (17) is a rubbed polymer surface. 

20 

16. The device of claim 1 wherein the second surface alignment (17) is formed by a polarised organic material layer. 

17. The device of claim 1 wherein the second surface alignment (17) Is formed by a layer of an organic material 
evaporated on the cell wall (3). 

25 

18. The device of claim 1 wherein the second surface alignment (17) is formed by a mono or bigrating layer. 

19. The device of claim 1 and further including a surfactant on at least one cell wall (3, 4) surface to modify anchoring 
energy. 

30 

20. The device of claim 1 9 wherein the additional surfactant used to alter the surface properties is mixed with the liquid 
crystal material. 

21. The device of claim 1 wherein the liquid crystal material (2) has a flexoelectric polarisation in Its switched states. 

35 

22. The device of claim 1 and further including means (8, 9, 10, 11, 12) for applying unidirectional voltage pulses 
whereby the two different stable states are selected by a coupling between the applied electric field and the flexo- 
electric polarisation present in a bent or splayed liquid crystal material. 

40 23. The device of claim 1 and further including means for applying electric signals at two different frequencies and 
wherein the nematic material is a two*frequency addressable liquid crystal material. 

24. The device of claim 1 wherein the liquid crystal material (2) includes an amount of dichroic dye. 

45 25. The device of claim 1 wherein the means for optically distinguishing between the switched states includes at least 
one polarlser (13. 14). 

26. The device of claim 1 and further comprising additional biref ringent layers for altering the optical properties of the 
device In its switched states. 

50 

Patentanspruche 

1. Flussigkristallvorrichtung (1) mit zwei Zellwanden (3, 4), zwischen denen sich eine Schicht (2) aus nematischem 
55 Oder chiral-nematischem Flussigkristallmaterial befindet, 

Elektrodenstrukturen (6, 7) auf beiden Wanden, 

einer OberftSchenorientierungseinrichtung (16, 17) auf den gegenuberilegenden Oberflachen beider ZellwSnde 
(3, 4, 6, 7) in Kontakt mit dem Flussigkristallmaterial zum Erzeugen einer Ausrichtung der Flussigkristallmolekule, 
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einer Einrichtung (13,14) zum Unterscheiden zwischen den geschalteten Zustanden des Flussigkristallmaterials. 
gekennzeichnet durch 

ein Flussigkhstallmateriai (2) mit keiner Oder negativer dielektrischer Anisotropie, 

eine erste Oberfllichenorientierungseinrichtung (16) auf einer Zeltwand (4)» damit die Flussigkristallmolekule zwei 
5 verschiedene Vorwinkel in dem Kern des Materials (2) neben der Oberflache in im Wesentlichen derselben Azimut- 

Ebene annehmen kSnnen, 

eine zweite Oberflaichenorientierungselnrlchtung (17) auf der anderen Zellwand (3) zum Erzeugen entweder einer 
planaren homogenen oder gewrnkelten homogenen Ausrichtung und einer einzelnen bevorzugten Ausrichtung 
der Flussigkristallmolekule, wobei der Vonvinkelwert der gewinkelten Ausrichtung kleiner als 45° gegenuber der 
10 Oberflache ist und der Winkel zwischen der einzelnen Orientierungsrichtung und derselben Azimut-Ebene, die zu 

der ersten Oberflachenorientierung (16) gehort, wesentlich groBer als null Ist; wobei der Aufbau derart ist, dass 
die beiden stabllen Molekularkonfigurationen des Flussigkristalls existieren kdnnen, nachdem geetgnete elektrl- 
sche SIgnale an die Elektroden (6, 7) angelegt worden sind (8, 9, 10, 11 , 12) und eine dieser Konfigurationen eine 
Molekularverdrlllung des FtQssigkristalts Qber die Schlcht (2) aufwelst. 

15 

2. Vorrichtung nach Anspruch 1 , bel der der Wert und die Richtung des Vorwinkeis auf der zwelten Oberflache (3) 
zusammen mit den Vonwinkelwerten und der Richtung auf der ersten Oberflache (4) derart gewahit sind, dass sich 
eine gleichformige molekulare Winkelausrichtung im Kern des Flussigkristallmaterials (2) ergibt. 

20 3. Vorrichtung nach Anspruch 1 , bei der der Winkel zwischen der einzelnen Ausrichtung und derselben Azimut-Ebe- 
ne, die zu der ersten Oberflachenorientierung (1 7) gehdrt, wenlgstens 45° betrfigt, urn eine molekulare Verdrillung 
Qber die Schlcht (2) von wenlgstens 45° zu erzeugen. 

4. Vorrichtung nach Anspruch 1 , bei der der Winkel zwischen der einzelnen Ausrichtung und derselben Azimut-Ebe- 
25 ne, die zu der ersten Oberflachenorientierung (1 7) gehort, etwa 90° betragt, urn uber die Schicht (2) eine molekulare 

Verdrillung von etwa 90° zu erzeugen. 

5. Vorrichtung nach Anspruch 1 , bei der die Schicht (2) einen Anteil von cholesterischem Material enthalt und die 
Azimut-Ausrichtung der ersten Oberflache (4) und die der zwelten Oberfldche (3) 90° n ist, wobei n = 1 , 2, 3, ... ist. 

30 

6. Vorrichtung nach Anspruch 1. die auBerdem einen reflektlerenden oder einen teilweise reflektierenden Spiegel 
(15) umfasst. 

7. Vorrichtung nach Anspruch 1, bei der die erste Oberflachenorientierung (16) eine periodische Gitterstruktur um- 
35 fasst, deren Tiefe, Konstante, Form und Verankerungselgenschaften derart gewahit sind, dass das Flussigkristall- 

material (2) verschiedene Vonvlnkel mit einem kleinen Abstand von der Oberflache einschlieBt. 

8. Vorrichtung nach Anspruch 7, bei der die Orientlerungsglttertiefe (h) und -konstante (w) so dimensionlert sind, 
dass sich im Wesentlichen dieselbe Verdrehungsenergie fur die FIQssigkristallmolekule in den beiden verschie- 

^ denen Vorwinkeln ergibt. 

9. Vorrichtung nach Anspruch 7, bei der die Orientierungsgitterdimensionen in Bezug auf Tiefe (h) und Konstante 
(w) so gewahit sind, dass sie mit jeder molekuiaren Verdrillung in der Schicht kooperieren, so dass sich Im We- 
sentlichen dieselbe Verdrehungsenergie fOr die FIQssigkristatlmotekule in den beiden verschiedenen Vorwinkeln 

45 ergibt. 

1 0. , Vorrichtung nach Anspruch 1 , bei der die erste Oberflachenorientierung (1 6) ein Gitter aus einem Material umfasst. 
das eine homeotrope Orientlerung der FlOssigkristallmolekule in Bezug auf die lokale OberflSchenrichtung bewirkt. 

50 11. Vorrichtung nach Anspruch 1 , bei der die erste Oberflachenorientierung (16) ein Gitter aus einem Material umfasst, 
das eine homogene Orientlerung oder Orientierung der Flussigkristallmolekule mit niedrigem Vonwinkel in Bezug 
auf die lokale Oberfldchenrichtung bewirkt. 

12. Vorrichtung nach Anspruch 1, bei der die erste Oberflachenorientierung (16) eine Gitterstruktur mit einem sym- 
55 metrischen Profit mit einer gleichformigen Oder variierenden Form uber jedes Pixel oder von Pixel zu Pixel innerhalb 

der Anzeige oder zwischen den Pixein oder in Lucken zwischen den Pixein Ist. 

13. Vorrichtung nach Anspruch 1, bei der die erste Oberflachenorientierung (16) eine Gitterstruktur mit einem asym- 
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metrischen Profil mit einer gleichfdrmigen oder variierenden Asymmetrie uber jedes Pixel Oder von Pixel zu Pixel 
innerhalb der Anzeige Oder zwischen den Pixein Oder in Lucken zwischen den Pixein ist. 

14. Vorrichtung nach Anspruch 1 , bei der die erste Oberflachenorientierung (16) eine Gitterstruktur ist, die behandelt 
5 wurde. um die Ftusslgkristallmolekule mit Bezug auf die iokale Oberflachenrichtung homeotrop zu orientieren. 

15. Vorrichtung nach Anspruch 1 , bei der die zweite Oberfldchenorientierung (17) eine geriebene Polymeroberflache 
ist. 

10 16. Vorrichtung nach Anspruch 1 , bei der die zweite Oberflachenorientierung (17) durch eine poiarisierte Schicht aus 
organischem Material erzeugt wird. 

1 7. Vorrichtung nach Anspruch 1 . bei der die zweite Oberflachenorientierung ( 1 7) aus einer Schicht aus organischem 
Material gebildet wird, das auf die Zellwand (3) aufgedampft wurde. 

15 

18. Vorrichtung nach Anspruch 1 , bei der die zweite Oberfiichenorientierung (17) durch eine Einzel- oder Doppelgit- 
terschicht gebildet wird. 

19. Vorrichtung nach Anspruch 1, die au(3erdem ein oberflachenaktiver Stoff auf der Oberfldche wenigstens einer 
20 Zellwand (3, 4) umfasst, um die Verankerungsenergie zu modifizieren. 

20. Vorrichtung nach Anspruch 19, bei der der zusatzliche oberflachenaktive Stoff venwendet wird, um die OberflS- 
cheneigenschaften zu verSndern, und er mit den Flussigkristallmaterial gemischt wird. 

25 21 . Vorrichtung nach Anspruch 1 , bei der das Flussigkristallmaterial (2) eine flexo-elektrische Polarisation in seinen 
geschalteten Zustanden aufweist. 

22. Vorrichtung nach Anspruch 1, die auQerdem Einrlchtungen (8, 9, 10. 11, 12) zum Aniegen von unidirektionalen 
Spannungspulsen umfasst, wobei die beiden verschledenen stabllen Zustande durch Kopplung zwischen dem 

30 angelegten elektrischen Feld und der flexo-elektrischen Polarisation in einem gebogenen oder schragen Flussig- 

kristallmaterial gewdhit werden. 

23. Vorrichtung nach Anspruch 1, die auBerdem Einrlchtungen zum Aniegen elektrlscher Signale bei zwei verschle- 
denen Frequenzen umfasst, wobei das nematische Material ein bei zwei Frequenzen adressierbares Flussigkri- 

35 stallmaterial ist. 

24. Vorrichtung nach Anspruch 1 , bei der das Flussigkristaf Imaterial (2) einen Anteil von dichroischem Farfostoff enthalt. 

25. Vorrichtung nach Anspruch 1 , bei der die Einrichtung fur die optische Unterscheiden zwischen den geschalteten 
40 Zustanden wenigstens einen Polarisator (13, 14) umfasst. 

26. Vorrichtung nach Anspruch 1 , die au3erdem zusatzliche Doppelbrechungsschichten umfasst zum Verandern der 
optischen Eigenschaften der Vorrichtung in ihren geschalteten Zustdnden. 

45 

Revendications 

1 . Un appareil k cristaux liquides (1 ) comprenant deux parois cellulaires (3, 4) renfermant une couche (2) de mat^rlau 
de cristal liquide n6matique ou n6matique chiral ; 
50 des structures d'6lectrodes (6, 7) sur les deux parois ; 

des moyens d'alignement de surface (16, 17) sur les surfaces se faisant face des deux parois cellulaires (3, 4, 6, 
7) en contact avec le mat^riau de cristal liquide et fournissant Talignement des molecules de cristal liquide ; 
des moyens (13, 14) pour distinguer entre les 6tats commutes du mat§riau de cristal liquide ; 
CARACTERISE PAR 

55 un mat^riau de cristal liquide (2) ayant une anisotropie di^lectrique k z^ro ou negative ; 

des premiers moyens d'alignement de surface (16) sur une parol cellulaire (4) qui permettent aux molecules de 
cristal liquide d'adopter deux angles diff^rents de pr^inclinaison dans le volume du mat^riau (2) adjacent k la 
surface dans globalement le mdme plan azimutal ; 



13 



EP 1 042 702 B1 



des seconds moyens d'alignement de surface (17) sur I'autre parol cellulaire (3) dormant soit un alignement ho- 
mog^ne planaire ou homog^ne incline et une seule direction d'alignement pr^f^r^e des molecules de cristal liquide, 
la valeur de pr^inclinaison de I'allgnement incline ^tant h moins de 45° par rapport ^ cette surface, et I'angle entre 
la seule direction d'alignement et le m§me plan azimutal associ6 au premier alignement de surface (16) 6tant 
5 globalement sup^rieur ^ z^ro ; I'agencement ^tant tel que deux configurations mol^culaires stables de cristal li- 

quide peuvent exister apr^s Tapplication de signaux 6lectriques appropri^s (8, 9, 10. 11, 12) aux Electrodes (6, 7), 
une des configurations possEdant une torsion molEculaire de cristal liquide k travers la couche (2). 

2. Uappareil de la revendication 1 dans lequel la valeur et la direction de la pr6-inclinaison sur la seconde surface 
10 (3) conjointement aux valeurs et direction de pr^-inclinaison sur la premiere surface (4) sont disposEes afin de 

donner une direction d'inclinaison molEculaire unlforme dans te volume du mat^riau de cristal liquide (2). 

3. Uappareil de la revendication 1 dans lequel Tangle entre la seule direction d'alignement et le mSme plan azimutal 
associ^ au premier alignement de surface (17) est au moins de 45'' afin de fournir une torsion molEculaire d'au 

15 moins 45° k travers la couche (2). 

4. L'appareil de la revendication 1 dans lequel Tangle entre la seule direction d'alignement et le m6me plan azimutal 
assocl6 au premier alignement de surface (17) est d'environ 90° afin de fournir une torsion mol§culaire d'environ 
90*^ k travers la couche (2). 

20 

5. L'appareil de la revendication 1 dans lequel la couche (2) inclut une quantity de mat^riau cholest^rlque, et la 
direction d'alignement azimutale de la premiere surface (4) et celle de la seconde surface (3) est de 90°n, ou n = 
1,2,3, ... 

25 6. L'appareil de la revendication 1 incluant en outre un r^flecteur total ou partiel (15). 

7. L'appareil de la revendication 1 dans lequel le premier alignement de surface (16) comprend une structure de 
r^seau pEriodique, dont la profondeur, le pas, la forme et les propri^t^s d'ancrage sont disposes afin de donner 
au mat^riau de cristal liquide deux prE-inclinaisons diffdrentes k une petite distance de cette surface. 

30 

8. L'appareil de la revendication 7 dans lequel la profondeur (h) et le pas (w) du r6seau d'alignement sont dimen- 
sionn^s pour donner globalement la m§me Energie de distorsion aux molecules de cristal liquide dans les deux 
angles de pr^inclinaison diff^rents. 

35 9. L'appareil de la revendication 7 dans lequel les dimensions de profondeur (h) et de pas (w) du r6seau d'alignement 
sont dispos6es afin de coop6rer avec toute torsion mol6culaire dans la couche pour donner globalement la m§me 
Energie de distorsion aux molecules de cristal liquide dans les deux angles de pr^inclinaison diff6rents. 

10. L'appareil de la revendication 1 dans lequel le premier alignement de surface (1 6) comprend un r6seau form6 d'un 
40 mat6riau, qui enframe une orientation hom6otrope des molecules de cristal liquide par rapport k la direction de 

surface locale. 

1 1 . L'appareil de la revendication 1 dans lequel le premier alignement de surface (1 6) comprend un r^seau formE d'un 
mat6riau, qui entratne une orientation de prEinclinaison homog^ne ou peu importante des molecules de cristal 

^ liquide par rapport k la direction de surface locale. 

12. Uappareil de la revendication 1 dans lequel le premier alignement de surface (16) est une structure de rEseau 
ayant un profil sym^trique avec une forme r^guli^re ou vari^e k travers chaque pixel, ou de pixel en pixel sur 
TEcran, ou entre les pixels ou dans des espaces entre les pixels. 

50 

13. Uappareil de la revendication 1 dans lequel le premier alignement de surface (16) est une structure de r6seau 
ayant un profil asym^trique avec une asym^trie uniforme ou vari6e k travers chaque pixel, ou de pixel en pixel 
sur TEcran, ou entre les pixels ou dans des espaces entre les pixels. 

55 14. Uappareil de la revendication 1 dans lequel le premier alignement de surface (16) est une structure de r6seau 
trait^e pour entrafner une orientation hom^otrope des molecules de cristal liquide par rapport k la direction de 
surface locale. 
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1 5. L'appareil de la revendication 1 dans lequel le second alignement de surface (1 7) est une surface de polym^re polie. 

16. L'appareil de la revendication 1 dans lequel le second alignement de surface (17) est form§ d'une couche de 
matdriau organique polarise. 

5 

17. L'appareil de la revendication 1 dans lequel le second alignement de surface (17) est form6 d'une couche d'un 
matdriau organique §vapor4 sur la parol cellulaire (3). 

18. L'appareil de la revendication 1 dans lequel le second alignement de surface (17) est form6 d'une couche mono- 
10 ou bi-r^seau. 

19. L'appareil de la revendication 1 incluant en outre un agent de surface sur au moins une surface de paroi cellulaire 
(3, 4) pour modifier I'^nergle d'ancrage. 

15 20. L'appareil de la revendication 19 dans lequel I'agent de surface suppl^mentaire utilise pour alt^rer les propri^t^s 
de surface est m§lang§ au mat^riau de cristal liquide. 

21. L'appareil de la revendication 1 dans lequel le mat^riau de cristal liquide (2) poss^de une polarisation flexo^lec- 
trique dans les 6tats commutes. 

20 

22. L'appareil de la revendication 1 incluant en outre des moyens (8, 9, 10, 11, 12) pour appliquer des impulsions de 
voltage unidirectionnelles par lesquelles les deux ^tats stables diff^rents sont s^lectionnds par un couplage entre 
le champ diectrlque appllquS et la polarisation flexo^lectrique prdsente dans un mat^riau de cristal liquide fl6chl 
ou 6tendu. 

25 

23. L'appareil de la revendication 1 incluant en outre des moyens pour appliquer des signaux 6lectriques ^ deux 
frequences diff^rentes et dans lequel le mat^riau n^matique est un mat^riau de cristal liquide adressable k deux 
frequences. 

30 24. L'appareil de la revendication 1 dans lequel le mat^riau de cristal liquide (2) inclut une quantity de colorant dichroi- 
que. 

25. L'appareil de la revendication 1 dans lequel les moyens pour distinguer de fagon optique les etats commutes 
incluent au moins un polarisateur (1 3, 14). 



35 



40 



45 



50 



55 



26. L'appareil de la revendication 1, comprenant en outre des couches birefringentes suppiementaires pour alterer 
les proprietes optiques de l'appareil dans ses etats commutes. 
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